Integrity of the methylation cycle is essential for mammalian neural tube closure.
Closure of the cranial neural tube during embryogenesis is a crucial process in development of the brain. Failure of this event results in the severe neural tube defect (NTD) exencephaly, the developmental forerunner of anencephaly. The requirement for methylation cycle function in cranial neural tube closure was tested by treatment of cultured mouse embryos with cycloleucine or ethionine, inhibitors of methionine adenosyl transferase. Embryonic phenotypes were investigated by histological analysis, and immunostaining was performed for markers of proliferation and apoptosis. Methylation cycle intermediates s-adenosylmethionine and s-adenosylhomocysteine were also quantitated by tandem mass spectrometry. Ethionine and cycloleucine treatments significantly reduced the ratio of abundance of s-adenosylmethionine to s-adenosylhomocysteine and are, therefore, predicted to suppress the methylation cycle. Exposure to these inhibitors during the period of cranial neurulation caused a high incidence of exencephaly, in the absence of generalized toxicity, growth retardation, or developmental delay. Reduced neuroepithelial thickness and reduced density of cranial mesenchyme were detected in ethionine-treated but not cycloleucine-treated embryos that developed exencephaly. Reduced mesenchymal density is a potential cause of ethionine-induced exencephaly, although we could not detect a causative alteration in proliferation or apoptosis prior to failure of neural tube closure. Adequate functioning of the methylation cycle is essential for cranial neural tube closure in the mouse, suggesting that suppression of the methylation cycle could also increase the risk of human NTDs. We hypothesize that inhibition of the methylation cycle causes NTDs due to disruption of crucial reactions involving methylation of DNA, proteins or other biomolecules.